Stroke is a leading cause of long-term disability, and impaired balance after stroke is strongly associated with future function and recovery. Until recently there has been limited evidence to support the use of balance training to improve balance performance in this population. Information about the optimum exercise dosage has also been lacking. This review evaluated recent evidence related to the effect of balance training on balance performance among individuals poststroke across the continuum of recovery. On the basis of this evidence, we also provide recommendations for exercise prescription in such programs. Methods: A systematic search was performed on literature published between January 2006 and February 2010, using multiple combinations of intervention (eg, "exercise"), population (eg, "stroke"), and outcome (eg, "balance"). Criteria for inclusion of a study was having at least 1 standing balance exercise in the intervention and 1 study outcome to evaluate balance. Results: Twenty-two published studies met the inclusion criteria. We found moderate evidence that balance performance can be improved following individual, "one-on-one" balance training for participants in the acute stage of stroke, and either one-on-one balance training or group therapy for participants with subacute or chronic stroke. Moderate evidence also suggests that in the acute stage, intensive balance training for 2 to 3 times per week may be sufficient, whereas exercising for 90 minutes or more per day, 5 times per week may be excessive. Discussion and Conclusions: This review supports the use of balance training exercises to improve balance performance for individuals with moderately severe stroke. Future high-quality, controlled studies should investigate the effects of balance training for individuals poststroke who have severe impairment, additional complications/comorbidities, or specific balance lesions (eg, cerebellar or vestibular). Optimal training dosage should also be further explored. Studies with long-term follow-up are needed to assess outcomes related to participation in the community and reduction of fall risk.
INTRODUCTION

S
troke is the most common cause of long-term disability. 1 Impaired balance early after stroke is strongly associated with future function and recovery. 2 Among home-dwelling individuals with chronic stroke, balance problems, especially during performance of complex tasks, have been identified as the strongest predictor of falling. 3 In addition, Belgen et al 4 reported that for individuals with chronic stroke, history of falls was associated with fall-related self-efficacy, fear of falling, and depressive symptoms. They also found that history of multiple falls was associated with poor balance. Fear of falling may lead to reduced activity and sedentary lifestyle, which further disrupt function and health status (the vicious cycle of disability). 5 As rehabilitation is often an integral element in achieving functional recovery in individuals poststroke, 2 rehabilitation researchers and clinicians strive to identify the most effective treatment approaches to enhance balance performance in these individuals.
Recent systematic reviews have not established a significant improvement in balance as a result of resistance training in older adults 6 or gait-oriented training in individuals poststroke. 7 These reviews suggest that balance control is achieved via a unique, complex combination of systems, and as such requires task-specific complex rehabilitation. Another missing element in most studies has been failure to address questions related to the optimum dosage of exercise needed to improve balance and decrease falls. In a 2008 review, Eng et al 5 discussed the potential for balance exercise programs to improve balance for individuals poststroke, mentioning that the body of literature (published through 2005) was small. Similarly, in a systematic review, Hammer et al 8 examined the effect of physical therapy on balance performance poststroke in 14 randomized clinical trials published between 1998 and 2005. The authors concluded that balance ability poststroke can be improved by various physical therapy interventions. Moreover, individuals can regain balance through exercise that targets balance even in the subacute and chronic stage poststroke. In the included papers, interventions had to be performed at least twice a week for a minimum of ten sessions, and no other specifics of training dosage were discussed in their review.
In light of these findings, the primary purpose of this systematic review was to investigate the recent literature related to the effect of balance training on balance performance across the continuum of recovery in individuals poststroke. Since the largest proportion of spontaneous poststroke recovery occurs during the acute stage (0-6 months poststroke), it is important to learn whether performing balance exercises during this period encourages the recovery of balance performance to a greater extent than does other interventions. In the subacute (6-12 months) and chronic stages (more than 12 months) poststroke, large amounts of additional spontaneous motor recovery are typically not anticipated. 9 Consequently, evidence of balance improvement as a result of exercise during these periods would support the value of developing and implementing long-term programs. A secondary objective of our efforts, if indeed balance training was found to be effective, was to offer practical recommendations for exercise prescription of such programs. To this end, the results of different exercise dosing patterns (frequency, duration, intensity) were evaluated.
METHODS
Search Strategy
A systematic search was performed in 3 electronic databases: PubMed, CINAHL, and PEDro. In PubMed and CINAHL, the following MeSH headings were used: Stroke AND proprioception (OR balance) AND exercise (OR exercise therapy). In PEDro, a simple search was performed with every possible combination among the following key words: (1) Intervention (training, activity, exercise therapy, rehabilitation); (2) Population (stroke, cerebral vascular accident); (3) Outcome (balance, postural stability, postural control, body sway). Each search contained 1 word from each group of terms. Bibliographies of the identified studies were also manually searched.
Inclusion and Exclusion Criteria
To be included in this review studies had to meet the following criteria:
1. The study population was adults (≥18 years of age) at any stage along the continuum of poststroke recovery, 2. The study included at least 1 standing balance exercise in the intervention, either for the experimental group or for the control group, 3. At least 1 of the study outcomes evaluated balance or postural challenge (static or dynamic, laboratory tested or functional) using methods that were validated and found to be reliable for individuals with stroke, 4. The study was published in English, 5. The study was a clinical trial including randomized trials, pilot studies, and case series, and 6. The study was published from January 2006 through February 2010.
Studies were excluded from review if: (1) The study evaluated instrumented neurological treatment approaches applying gait manipulations, such as body weight-supported training, robotic devices, virtual reality, constraint-induce therapy, or electrical stimulation (unless balance training was the intervention applied with the control group), (2) The study was a secondary analysis of data published prior to January 2006, or (3) The study was a case study (ie, with N = 1).
Evidence Rating System
To rate the level of evidence, we used a scale described by the American Academy of Cerebral Palsy and Developmental Medicine. 10 Studies were ranked on a 5-point scale from Level I (systematic reviews or large randomized clinical trials [n > 100]) to Level V (expert opinion). Within each level, quality was assessed based on 7 internal and external validity characteristics, and 1 point was assigned for the presence of each component. Examples of these components included well-defined inclusion/exclusion criteria and appropriate measures that were valid and reliable. A full description of the American Academy of Cerebral Palsy and Developmental Medicine scale is available in Appendices A and B. To improve the sensitivity of the scale, we awarded one-half point if we determined that only part of the characteristic was present, for example, if dropout rate was reported but was greater than 20%. To fully capture the effect of balance training on balance performance, studies of Levels I through IV were reviewed. We considered only those studies that scored 4 and above in quality rating (ie, at least moderate quality). Rating of the evidence was done by the 2 authors independently. If a discrepancy in rating was found, we obtained agreement through a repeat reading of the article and discussion.
Data Extraction
The following headings were used to extract the data into tables of evidence: study design, inclusion and exclusion criteria, participant age, time since stroke, severity of stroke, initial sample size and sample size available for analysis, details of intervention (for experimental and control group including pattern, progress and adherence), balance outcome (type, test description, trials allowed, reliability and validity), additional outcomes, results (including main statistical test, effect size, if reported, and statistical significance), clinical importance, study conclusions, and special comments. Extracted data were organized by "time since stroke" (acute, subacute, chronic).
RESULTS
The article selection process is illustrated in Figure 1 . The complete quality assessment of the 22 included studies is presented in Table 1 .
Participants in the Acute Stage Poststroke
Six studies, * 11-17 evaluated balance exercise programs for 388 participants in the acute stage poststroke (0-6 months), of whom 189 were assigned to an experimental group. The age range was 30 to 92 years. Descriptive data from these studies appear in Table 2 .
Interventions
The diversity among the balance rehabilitation programs made comparison among studies challenging. Included among the balance programs were standing balance practice, 11 group therapy, 12 "patient-centered approach" (wherein participants chose the treatment method), 13 "motor relearning program" (intended to reinforce the relationship between training and functional performance), 17 intensive training versus patientinitiated training, 14, 15 and conventional gait and balance training versus body weight-supported training. 16 
Progression
Four studies described some form of exercise progression in the program. In the standing balance program, 11 participants progressed from supported standing to free standing, a For quality assessment we examined the dropout rates at the end of treatment (and not the follow-up).
b If the study was a pilot study to calculate power for a future study, we awarded it credit for power calculation.
and were encouraged to be active while standing (eg, reaching, sit-to-stand). Exercises in the group therapy class were gradually increased in level of difficulty, complexity, or number of repetitions. 12 The motor relearning program progressed from sitting to standing, and from static to dynamic tasks. 17 The conventional gait training program 16 progressed participants in this group to more challenging balance and gait tasks such as increased walking speed and stair climbing as performance improved.
Follow-up
Four studies had a long-term follow-up for either 6 months 12 or 12 months. [13] [14] [15] [16] The 2 remaining studies evaluated their participants either immediately after the end of a 6-week program 17 or 12 weeks postadmission to a rehabilitation facility.
11
Training Dosage and Attrition
Studies that demanded high frequency and duration of training (eg, 5 times per week, ≥90 min/session) reported high attrition rates (ie, from 26% for 90-min/d sessions 11 to 43% for 180-min/d sessions 12 ), mostly attributed to fatigue 11 or medical reasons 12 such as acute illness requiring readmission to an acute hospital. The following training patterns resulted in less than 20% attrition: 5 times per week for 45-to 60-minute sessions (0% 11 and 10% 12 for control groups), 2 to 3 times per week for 40-to 60-minute sessions 14, 15 (8.5% and 17.5% for the intensive and self-initiated groups, respectively), 2 to 3 times per week for 120-minute sessions 17 (10% for both experimental and control groups, only 2 participants for dropped out for medical reasons), 3 times per week for 90-minute sessions 16 Copyright © 2010 Neurology Section, APTA. Unauthorized reproduction of this article is prohibited.
C 2010 Neurology Section, APTA (8% and 16% for the experimental and control groups, respectively, due to poor attendance or decline in health). Mean attrition rate per total weekly training duration across studies and groups is presented in Figure 2 .
Results
Most studies reported similar findings. Both experimental and control groups demonstrated significant improvement in the balance test scores with no significant between-groups differences. An exception was the study by Chan et al 17 wherein the group that participated in the "motor relearning program" demonstrated a significantly larger (P < 0.015) improvement on the Berg Balance Scale (BBS) following 6 weeks of intervention compared with the control group.
Participants in the Subacute Stage Poststroke
Three studies evaluated participants from a wide range of "time since stroke" with the range approximating the subacute stage of stroke. * 18-21 These studies included a total of 167 participants, of whom 106 were assigned to an experimental group. Data from these studies appear in Table 3 . In 2 studies, 18, 19, 21 balance training sessions were performed daily for 15 to 20 minutes, 5 d/wk for 3 to 4 weeks with a portable balance trainer (Nor-Am device, Nor-Am Patient Products, Oakville, Ontario, Canada) 18, 19 or a force platform with visual feedback (Biodex Balance Master, Biodex Corporation, Shirley, NY, USA). 21 Participants also received daily in-patient "conventional stroke rehabilitation." 18, 19, 21 In the third study, a 4-week, outpatient multisensorial program incorporated visual deprivation, head movements, and unstable surfaces in addition to walking and stepping for 60 to 70 minutes, 5 d/wk. 20 All 3 programs had excellent adherence with relatively low attrition rates (6%-18%). In each of the randomized controlled trials, 18, 20 participants in all groups showed statistically significant improvement in balance parameters (P < 0.001 for BBS, 20 P < 0.025 for Brunnstrom stage 18 ), with no demonstrable advantage of the specific balance intervention. Moreover, the findings for functional tests and instrumented measures were contradictory. For instance, while Yavuzer et al 18 identified improvement in postural control and weight bearing on the paretic limb while walking, in another report of the same study Eser et al 19 found no benefits related to lower extremity motor recovery (as measured by Brunnstorm's stages of recovery). Likewise, while Yelnik et al 20 found significant improvement on the BBS for both experimental and control groups, there was no change recorded on the force platform measures. Conversely, in a noncontrolled study, Srivastava et al 21 showed significant improvements on both functional and instrumented measures including the BBS (P < 0.0001) and force platform measures of balance index (P < 0.0001) and dynamic limits of stability (P < 0.0001), with partial retention of improvements at the 3-month follow-up assessment.
Participants in the Chronic Stage
Balance rehabilitation of individuals in the chronic stage poststroke (>12 months) was the focus of 11 studies, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] which evaluated a total of 274 participants of whom 180 were assigned to an experimental group. The age range was 36 to 85 years, with the mean age approximately 60 years. On average, the studies' samples reflected moderate severity. Description of these studies can be found in Table 4 .
Interventions
Seven studies examined group exercise therapy [26] [27] [28] [29] [30] [31] [32] that focused on static and dynamic balance as well as fostered continued exercise involvement and goal achievement. 29, 30 The remaining 4 studies 22, 23, 25 investigated the effect of balance exercise in one-on-one sessions. One-on-one programs emphasized different components of balance training such as sitting, standing, walking, and stair climbing exercises while reaching and with altering base of support 22 ; intense mobility training 23 ; or using the Kinesthetic Ability Trainer (KAT; LLC, Vista, CA, USA) to alter surface and sensory conditions while standing. 25 
Progression
Seven studies reported some form of exercise progression. For group therapy, the number of repetitions, the height of the exercise step, and the ankle weights were gradually increased in 2 studies. 26, 27 Other forms of progression included increased intensity and duration of exercise 31, 32 as well as increased complexity. 31 As for the one-on-one programs, in 1 study, training progressed from sitting, to standing, to walking while altering the base of support and using tilt boards. 22 Alternatively, complexity and difficulty of tasks were increased as participants improved. 23 The Kinesthetic Ability Trainer was introduced with a high level of stability that was gradually reduced as participants progressed. 
Follow-up
Two programs provided 3-month follow-up after that intervention. 23, 29 In the remaining studies, participants were assessed at the end of the intervention program, which lasted 4 weeks, 24 Copyright © 2010 Neurology Section, APTA. Unauthorized reproduction of this article is prohibited.
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Program Dosage and Attrition
Most group programs met 2 times per week for 1-hour exercise sessions over 8 to 9 weeks. 30 Three studies reported no attrition (100% adherence), 26, 27, 29 Macko et al 28 reported 9% attrition (for nonmedical reasons), and Huijbregts et al 30 reported 20% attrition (2 of 10 participants left the study, 1 for health reasons). In 2 studies, participants met for 6 months either 2 times per week 32 or 3 times per week 31 for a 1-hour training session. Eighteen percent of the participants dropped out of the intervention in a study by Stuart et al, 32 mostly due to transportation problems. However, in a study by Michael et al, 31 3 of 10 participants left the study, all for medical reasons. Other studies assessed outcomes of one-on-one training programs provided for either 45-to 60-minute sessions 2 times per week for 8 weeks 22 or for 50-minute sessions 2 to 5 times per week for 4 weeks. 24 The programs by Fritz et al 23 and Gok et al 25 were especially intense and involved daily 3-hour sessions for 10 days 23 or 5-d/wk sessions (20 minute per session) for 4 weeks 25 in addition to 2 to 3 hours of conventional rehabilitation daily. All one-on-one programs reported no attrition.
Results
These findings suggest that important changes in balance performance can be achieved in participants in the chronic stage poststroke even participants are more than 10 years after stroke. The training program could be one-on-one, short and intense (10 days), or in a group format, for a longer period of time (from 8 weeks up to 6 months) at a lower intensity. Two nonrandomized controlled trials also suggest that balance performance of these patients can deteriorate with usual care for 6 months 32 or no care for 9 weeks. With a large number of recent studies investigating balance training from 2006 till present, our systematic review confirms the importance of specificity of training and supports the use of balance exercises to improve balance performance for individuals with moderately severe stroke, at least in the short Copyright © 2010 Neurology Section, APTA. Unauthorized reproduction of this article is prohibited.
C 2010 Neurology Section, APTA term. Based on this evidence, it is possible to provide practical recommendations for exercise prescription of balance training programs for individuals poststroke across the continuum of recovery.
How Much Do We Train Balance?
For participants in the acute stage, studies that demanded high frequency and duration of training also had a high dropout rate, mostly due to medical reasons or fatigue. 11, 12 Not only were the attrition rates of these groups much lower and mostly for nonmedical reasons, but the improvements in the adherent participants were very similar to those seen with more intensive approaches. According to the National Institute of Neurological Disorders and Stroke, in-patient rehabilitation programs often involve at least 3 hours of active therapy per day, 5 or 6 days per week. 33 Our findings suggest that improvement can be achieved with less rigorous programs in the acute stage. In the chronic stage, however, intense programs were feasible, demonstrated excellent adherence, and remained partially effective after 3 months. 23, 25 Despite these promising results, the optimal intensity for training is still unknown. It is yet to be established what would be more efficient: a relatively long but less frequent program 22, [26] [27] [28] [29] [30] [31] [32] or short intense interventions. 23, 25 Questions remain regarding whether training is optimally accomplished in groups or using a one-on-one approach. While one-on-one programs had 100% adherence, [22] [23] [24] [25] drop-out rates in group interventions in those in the chronic stage were generally higher, 28, 30 especially in the longer programs. 31, 32 Eight studies implemented group therapy interventions and showed improved balance as well as patient satisfaction in patients in both the acute and chronic stages. No study has directly compared outcomes associated with group versus one-on-one training. For participants in the chronic stage, some studies had no control groups 27, 28, 31 ; in other studies, both groups received group therapy. 26, 29 For participants in the acute stage, group exercises were compared with individual training that a control group received, and both groups improved. 12 Two studies showed the advantage of group therapy over usual care 32 or no care 30 ; the difference in balance performance between groups was significant postintervention not only because participants in the exercise groups improved but also because performance of the control group deteriorated over time. These findings suggest that in order to obtain maximal benefits of group therapy, close monitoring of class participants and careful selection of inclusion criteria are necessary.
How Do We Measure Balance?
Fifteen studies used the BBS as their balance outcome measure. 11, 12, 14, 16, 17, [20] [21] [22] [23] [24] 27, 28, [30] [31] [32] This consistency is particularly interesting in light of findings from a recent systematic review that identified a total of 68 balance tests in the 29 studies reviewed. 6 Findings from our review provide strong evidence that the BBS is very sensitive to changes in the acute stage 11, 12, 16, 17 or in the chronic stage for individuals who started with a low BBS score (ie ≤35). 21, 23, 28, 31 Conversely, the value of using the BBS for individuals with higher scores is questionable. For participants with higher scores, it is unclear whether little improvement was made or whether the test was not sufficiently sensitive to demonstrate change. 20, 24, 27, 30 Another consideration related to the BBS is that the test does not consider the extent to which an individual relies on vision to maintain balance; hence, it may not be appropriate to demonstrate a change as a result of multisensorial training with visual deprivation. 20 
Limitations of This Review
This review was limited to studies published in English and found in 3 databases. The strength of the recommendations made in this systematic review is only as strong as the published research. No level I randomized controlled studies were found, 5 studies were categorized as level III, and 6 as level IV. In addition, most studies did not have adequate follow-up and some had very small samples. More often than not, participants were exposed to several treatments in addition to the balance exercises, making it difficult to attribute improvement to one specific intervention. Lastly, this review examined only balance outcomes. As important as balance performance is for individuals poststroke, it is only one factor among many that should be considered in interdisciplinary rehabilitation.
CONCLUSIONS
There is moderate evidence to suggest that balance performance can be improved with balance training for individuals in the acute stage poststroke. Although 5 studies 11, 13, 14, 16, 17 support this conclusion, in all those studies both the control and the experimental groups improved; hence, this recommendation should be taken in caution. For individuals in the acute stage, moderate evidence also suggests the following: First, exercising for 90 minutes or more for 5 sessions per week may be excessive and may be more likely to cause adverse effects compared with less demanding training patterns. 11, 12 Second, intensive balance training performed 2 or 3 times per week may be sufficient to improve balance performance. 14, 16, 17 As for individuals in the subacute and chronic stages, moderate evidence suggests that balance performance can be improved with intensive individualized balance training programs, 22, 23, 25 as well as with group exercise programs performed 2 times per week. [26] [27] [28] [29] [30] 32 Finally, limited evidence indicates that balance performance of individuals late after stroke might deteriorate in the absence of an intervention. 30, 32 Our understanding of the effects of balance training poststroke will be enhanced if studies include individuals with different levels of severity (especially high severity), additional complications, or specific anatomical balance lesions (eg, cerebellar or vestibular lesions). More high-quality randomized controlled studies, wherein examiners are blinded to group assignment, are needed in order to determine a feasible and effective training dosage (frequency, duration, intensity) for individuals poststroke. In addition, there is a need for tools to assess changes in balance performance in higher-functioning individuals, as well as to identify the specific system underlying balance impairment. Finally, studies with long-term follow-up poststroke are needed to measure the effect of specific balance training on individuals' participation in the community and fall prevention.
